torsion balance, washed thoroughly with 2 ml of sterile isotonic saline to reduce any surface contamination, placed in a sterile teflon tissue grinder and homogenised in 2 ml of sterile saline. The jejunaljuice, the washing fluid, and the tissue homogenate were serially diluted in six tenfold steps and cultured aerobically, anaerobically and microaerophilically on a wide variety of media as described previously (Bhat et al., 1972) .
The following groups of organisms were identified by standard bacteriological procedures: enterobacteria, enterococci, other aerobic streptococci, neisseriae, staphylococci, lactobacilli, yeasts and yeast-like organisms, fusobacteria including Sphaerophorus, bacteroides including Bacteroides melaninogenicus, bifidobacteria, veillonellae and lecithinase-positive clostridia mainly Clostridium welchii. Surface viable counts were done by the spreading method (Cruickshank Duguid and Swain, 1965) with 0.1 -ml inocula. Results were expressed as the logarithm to the base of 10 of the number of viable organisms per ml of the jejunal juice, per ml of rinsing fluid, or per g wet weight of tissue. No growth from the inoculum of the undiluted jejunal juice, washings or mucosal homogenate was recorded as 0 and represented less than 10 organisms/ml of jejunal juice or rinsing fluid or less than 20 organisms/biopsy specimen. In our hands this technique provided a high degree of reproducibility; for replicate studies on single samples the standard deviation ranged from 0.06 to 0.20 loglo organisms/ml for the different groups of bacteria.
RESULTS
The most common groups of organisms in jejunal juice and in biopsy were enterobacteria, streptococci, veillonellae, fusobacteria and bacteroides. The types of organisms grown from the jejunal juice and the mucosal biopsy were identical in only four out of the 40 pairs of specimens (table I). In another nine pairs of specimens the flora was very similar except that one organism was isolated from one of the specimens but not from the other (table 11 ). In six pairs there were two groups of organisms (table 111) and in 11 pairs there were three or more groups of organisms (table IV) which were not present in one of the specimens. In nine pairs (table V) the jejunal juice grew only one organism or was sterile, but the biopsy grew 3-8 different groups of organisms not found in the luminal fluid. In one pair (table V, no. 40) the jejunal juice yielded organisms, but there was no growth from the biopsy or the washings. The frequencies with which aerobic and anaerobic organisms were isolated from the luminal aspirates and the biopsies were compared. Nine aerobic and seven anaerobic organisms or groups of organisms were looked for in each specimen, making a total of 360 possible aerobic and 280 possible anaerobic isolates. The number of isolates actually obtained is shown in table VI. There was no significant difference in the frequency of isolation of aerobes between the two groups of specimens, but anaerobes were isolated significantly more frequently from biopsy specimens than from the luminal fluid (p < 0.01).
DISCUSSION
Because both the sampling tube and capsule have to traverse the mouth, oesophagus, stomach and duodenum to reach the first loop of the jejunum, there may have been contamination en route. The first few millilitres of luminal fluid aspirated were discarded in an attempt to minimise contamination of the jejunal juice specimen. In the case of the biopsy, the risk of contamination was less with the Rubin's capsule, which was passed with the knife closed, than with the Crosby capsule which has to be passed in the open position. The mucosal fragments were also washed thoroughly in 2 ml of sterile saline in the hope of removing organisms that might have entered the biopsy capsule in its passage to the upper jejunum. The results of culture of the biopsy washings for the 11 paired specimens in which there were the most discordant results are shown (table V); in nine cases the washings yielded no growth, or only a small number of organisms substantially different from those grown from the biopsy. In only two cases (nos 36 and 39) a very similar pattern of flora was grown from the biopsy and washings. These observations suggest that the flora in at least nine of these 1 1 biopsies was not due to external contamination. The findings with the Crosby biopsy capsule and the Rubin capsule were similar, and this is a further indication that the results were not due to external contamination.
In 13 out of 40 pairs (32%) the flora isolated from the jejunal juice and the paired mucosal biopsy was identical or differed by only one organism (tables I and 11). Moreover, the total numbers of each organism when expressed per ml of fluid or per gram of tissue were remarkably similar for each of the 13 pairs. In these 13 subjects, sampling the luminal fluid gave a reasonably representative picture of the total bacterial population at that point in the intestine. At the other extreme, in 10 of the 40 (25%) there was no agreement between the paired specimens (table V). In nine of these, organisms isolated from the jejunal biopsy were not found in the jejunal fluid, which in all except three cases yielded no growth; in the tenth example the jejunal biopsy yielded no organisms but the jejunal juice contained two different organisms.
Isolates were obtained more frequently from the jejunal biopsies than from the luminal fluid; however, this was statistically significant only in the case of the anaerobes. The finding suggests that the micro-environment of the mucosal surface is more favourable for the growth or retention of anaerobes than the micro-environment of the lumen.
There are relatively few studies in which bacterial flora in the lumen and that attached to the mucosa have been compared in man. Plaut et al. (1967) cultured 13 paired luminal fluid and jejunal biopsy specimens from different levels of the small intestine in five healthy North American subjects; although full details of all the organisms recovered are not given, these workers concluded that the organisms in the two situations were similar. Jarumilinta, Miranda and Villarejos (1 976) compared the microbial flora of luminal fluid and jejunal mucosa in paired samples obtained from 18 control subjects and 20 adult patients with acute diarrhoea; they studied 10 groups of organisms. Although they concluded that there were no qualitative differences between the flora grown from the lumen and the biopsy, analysis of their data shows that in 15 out of 38 pairs (39%) the flora differed by three or more organisms. In the present study we investigated 16 groups of organisms as compared with their 10 and found that half the pairs differed by three or more organisms. The results of these studies are therefore very similar and indicate that there may be considerable differences between the flora of the lumen and the mucosa (see also Savage, 1970) .
In the present study from India only one biopsy, from a patient with tropical sprue, out of 40 was sterile, whereas all the other biopsies, even from the control subjects, had lo4 organisms or more per gram of tissue. Similarly in the study of Jarumilinta et al. (1976) from Costa Rica, none of the biopsies was sterile and all except two from control subjects had lo4 organisms or more per gram of tissue. This finding of almost universal contamination or colonisation of the mucosa in these two studies of individuals living in developing countries is quite different from the results of Plaut et al. (1967) who studied North American subjects and found that five out of 15 biopsies were sterile. In studies with germ-free animals (Gordon and Bruckner-Kardoss, 196 1; Abrams, Bauer and Spring, 1963) it has been shown that the introduction of bacteria has a dramatic effect on the morphology of the small intestine. It is tempting to speculate that the presence of considerable numbers of bacteria in the micro-environment of the epithelial cells may play an important role in the production of the common morphological abnormalities of the jejunal mucosa of apparently healthy subjects in many developing countries (Baker, 1973) .
Previous studies from this laboratory failed to show any significant differences between the luminal flora in control subjects and patients with tropical sprue (Bhat et al., 1972) . The present study confirms these findings and extends them to include the flora adherent to the jejunal mucosa.
It may be concluded from this study that there are at least two populations of bacteria in the small intestine-one in the luminal fluid and one in the micro-environment of the mucosal epithelial cells. For adequate bacteriological study it is desirable that both these populations be investigated.
SUMMARY
The aerobic and anaerobic bacterial flora grown from 40 human jejunal aspirates were compared with the flora grown from an intestinal mucosal biopsy obtained simultaneously from the same level. In four paired samples the flora was identical; in nine the flora differed by only one organism. In six pairs the flora differed by two organisms, and in 11 pairs by three or more organisms. In nine pairs the jejunal aspirate grew only one organism or was sterile, but the biopsy showed considerable numbers of organisms. In one pair the jejunal aspirate grew organisms, but there was no growth from the biopsy. It is apparent that for adequate bacteriological study of the intestine, the flora at both sites should be investigated.
